and spatial-temporal dynamics. Selected papers from this symposium are combined with solicited papers on the same topic in this special section of the Vadose Zone Journal.
The purpose of this special section is to present cutting-edge tools and techniques, such as variograms and kriging, fractals and lacunarity, multifractal formalism, wavelets and spectral analysis, and entropy-based measures, used in multiscale mapping of soil properties and processes. Twelve papers are included, covering different quantitative techniques for data processing and analysis, assessment of prediction uncertainties, and integrative data analysis using combinations of field and laboratory data as well as simulated data sets. Linear, areal, and volumetric analyses are considered, and the range of scales covered runs from the poreparticle scale through peds, pedons, and soil associations up to the catena-watershed and regional scales.
Four of the papers use monofractal analyses in their multiscale investigations. Papadopoulos et al. (2008) , working at the pore-particle scale, describe the use of the slit island method with image analysis to calculate fractal dimensions of soil pore perimeters. They show how differences in pore shape affect the scaling of pore perimeter measurements and propose an additional analysis coupled with the slit island method to capture the complexity of natural pore shapes and roughness. Blank et al. (2008) use methods derived from percolation theory to outline a numerical procedure to calculate for the hydraulic conductivity function from an arbitrary pore-size distribution. The approach extends critical path analysis to predict the hydraulic properties of porous media that do not exhibit monofractal scaling. Zamora-Castro et al. (2008) perform comparative monofractal and lacunarity analyses of layers from a soil monolith at four scanning electron microscopy image resolutions (50x, 500x, lOOOx, and 5000x). Lacunarity proved to be unique among the different parameters studied in its scale-dependent response to the multiscale image analyses. Tang et al. (2008) compute effective hydraulic properties for a monofractal sequence of layers of fine material interbedded within a coarse matrix. Their analytical model, based on the composite medium approximation applied to a Cantor bar, compares favorably with numerical simulations of unsaturated flow, based on Richards' equation, for small hydraulic gradients. Deviations between the two approaches increased as the hydraulic gradient increased, resulting in scale-dependent effective properties.
Multifractal analyses were applied to a wide variety of data, ranging from the pore through the field to the regional scale. Vidal Vazquez et al. (2008) analyze mercury injection porosimetry data collected on soil aggregates from surficial layers subjected to varying rainfall intensity. The entropy and correlation dimensions best discriminated between the resulting pore-size distributions. Garcia Moreno et al. (2008) use multifractal formalism to characterize soil surface roughness created by three different tillage tools on sandy loam and sandy clay loam soils. They show that multifractal parameters, when combined into structural and complexity indices, provide better discrimination between the resulting surfaces than standard approaches based on the standard deviation and semivariogram. In another comparative study, Kravchenko (2008) examines the performance of stochastic simulations that reproduce multifractal scaling with simulations based on the traditional semivariogram. The multifractal method is shown to perform better than the semivariogram method for the prediction of low corn yields within an agricultural field. Cheng (2008) presents a new multiscale mapping and data interpolation method based on multifractal analysis of an exploratory data set at the regional scale. Use of the technique is illustrated with geochemical data from 1172 lake sediments with the objective of identifying areas with strong singularities in concentration. Lovejoy et al. (2008) characterize the range of scaling of MODIS TERRA bands 1-7 using several methods such as spectra, trace moments, structure functions, and probability distribution multiple scaling. They show that these fields have strong resolution dependencies. Although vegetation and moisture indices derived from these bands can be correctly calibrated at a single resolution, they may be incorrect at other resolutions.
The final group of papers use diverse methodological approaches for investigating multiscale relationships. Si (2008) reviews spectra and wavelet methods, and associated scaling procedures, as applied to soil properties measured along linear transects across the landscape. A step-by-step description, as well as the advantages and disadvantages, is given of each procedure along with statistical testing of the different scaling techniques. Tarquis et al. (2008) describe a new entropy-based method, related to wavelets, for multiscale analysis of spatial data. The method was applied to soils data collected along a 1024-m transect to better understand the scaling behavior of soil water and gas fluxes and their scale-dependent correlations. Earls and Dixon (2008) use multiscale sensitivity analysis to investigate the vertical coupling between soil and atmospheric water fluxes and their relationship to potential evapotranspiration. They conduct a sensitivity analysis of Soil and Water Assessment Tool (SWAT) predicted potential evapotranspiration in response to multiscale meteorological input data and different calculation methods.
The 12 papers presented in this special section represent a range of highly original approaches for dealing with multiscale analysis of soil heterogeneity. The studies cover a wide range of scales, from microns to kilometers. In terms of future research, there is a need to extend the vast body of theory, methods, and applications for designing and optimizing soil sampling schemes to better incorporate information obtained at multiple scales. Spatial variability is often the outcome of nonlinear temporal fluctuations in multiple interacting soil-forming factors. This connection deserves further investigation. In addition, a clear distinction between systematic and random variations needs to be addressed in future studies. We hope that the research presented here will provide a stimulus for the development of more powerful analytical tools, as well as the collection of high-quality data sets in experiments specifically designed for multiscale analysis and hypothesis testing.
